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ABSTRACT

This report is one of a series that presents strength properties of materials
designed to endure elevated temperatures, Strength properties and strength-
exposure curves are given for an epoxy resin laminate, made by Union Carbide
Plastics Company, with ERSB-0111 resin in conjunction with 1€1-S-HTS glass
fabric. The data show the effects of temperature between 80° and 1, 000° F.,
and exposure periods between 0. 05 and 1,000 hours on the individual strength
properties. The magnitude of the various effects may be judged separately.
In general, the data show that all mechanical strengthLs, except tension at

0°, decrease uniformly with increases in temperatures of short duration,

The tensile strength remained relatively high until a critical exposure was
reached and then displayed erratic characteristics. Other mechanical
strengths above 400° F. decreased with increased exposure but peaked at
about 100 hours.
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I. INTRODUCTION

The development of ever faster flight vehicles and the resulting increases in
their operating temperatures require expansion of knowledge concerning the
strength properties of the new structural materials to be used. Reinforced
plastic laminates are being used or considered in many structural compo-
nents of flight vehicles, and research is being directed toward the develop-
ment of combinations of resins and reinforcements that have a high degree
of heat resistance. Standard design data are needed for heat-resistant
plastic materials to show the effects of elevated temperatures, for various
periods of exposure, on their strength and related properties. To provide
such design data for currently available plastics over their useful tempera-
ture range, the Forest Products Laboratory is engaged in a program of
research and evaluation, in cooperation with the Air Force Materials
Laboratory and materials manufacturers,

The scope of the program includes the evaluation of the effect of the
following:

(A) Time and temperature on the deterioration cf plastics, as measured by
weight loss.

(B) Duraticn of exposure in an unstressed state at elevated temperatures on
the mechanical properties in flexure, tension, compression, bearing, and
shear (both interlaminar and edgewise),

(C) Duration of exposure at constant tensile and compressive loads at
elevated temperatures cn strength and deformation.

Previous reports in this series are listed at the end of this report.

This particular repcrt presents desi~n rriteria at elevated temperatures for
an epoxy laminate, ERSB-0111 resin and 181-S-HTS glass fabric. The
material used in this investigation was like that reported on in RTD-TDR~
64-4154 (__)— except that the reinforcement was ''S" glass fibers instead of
"E" glass.

The current tempz2rature range veferred to here is from room temperature
(about 80° F.) to 1,000° F. (27° 1o 538° C.), and the duration of exposure
(soak period) is from a few minutes to 1,000 hours.

3—Underlineﬂ numbers in parentheses refer to specific reports listed in the
Bibliography at the end of this report,



II. MATERIAL

Laminated panels of epoxy resin reinforced with glass fabric were furnished
by the Union Carbide Plastics Company, Bound Brook, N.J. Information
supplied with material is as follows:

Resin--ERSB-0111

Catalyst--1-1/2 percent BF_, monoethylamine on resin solids

3
Fabric--5994 glass, 181 weave and HTS finish
Number of plies--12

Fabric orientation--Not nested but parallel laminated
Resin content--37 percent, impregnated from solution
Precure--None

Cauls--Polished steel with silicone release agent

Cure--1 hour at 160° C, (320° F.) and 200 pounds per square inch,
then 2 hours at 190° C. (374°F.). Cool and discharge
from press,

Postcure--6 hours at 205° C, (401° F.)

Union Carbide Plastics Company furnished 26 panels, 1/8 inch thick and

22 inches square. The Forest Products Laboratory determined the average
specific gravity to be 1.80, the average Barcol hardness to be 75, and the
average resin content from burnoff tests to be 35 percent.

It should be noted that this material was fabricated like the "E' glass
laminates investigated in report RTD-TDR-63-4154 (9) except that here the
g glass was laminated with a pressure of 200 pounds per square inch
instead of 100 pounds per square inch.

III. TEST METHODS

Each mecharical test was made in accordance with generally accepied
engineering practices, summarized as follows:



Federal Test Mcthod

Mechanical Test Standard No. 406 ASTM Method
Flexure 1031 D 790-49 T
Tension 1011 D 638-60 T
Compression 1021 D 695-63 T
Interlaminar sheer 1042 (clamped) None-z-
Bearing 1051 D 953-54 (Method A)
Tensile stress -rupture 1063 None
Compressive stress-rupture None None
Weight loss 7041 None

The test methods used in this study are described in these references,- and
the apparatus used is described in the appendix of ASD Technical Report
61-482 (5).

IV, PRESENTATION OF DATA

Table 1 presents the results of preliminary quality tests of these laminates.
The specimens were cut and tested so that the fiber stress was applied
parallel to the warp direction of the fabric. Flexure specimens were 1/8 inch
thick by 1 inch wide by 4 inches long, and compression specimens were

1/8 inch thick by 3/4 inch wide by 3-1/8 inches long with a 1/2-inch-wide net
sec‘ion. Compression specimens were laterally supported and loaded at a
rate of head motion of 0,007 inch per minute, so that load-deformation data
could be obtained. Each value shown for flexure and compression is ne
average of five specimens,

Tables 2 through 9 present the resulis of tests to determine the effects of
different elevated temperatures for various periods of exposure on properties
of this material. Strength properties shown for each specific temperature
are based on tests of specimens that were both soaked and tested at that

EHowever, Method VI of the Aircraft Research Technical Committee No., 11
was used,



temperature. All data, except in Tables 4 and 7, indicate properties after
exposure of specimens in the unstressed state, Tables 4 and 7 present
stress -rupture and creep data that were obtained from specimens exposed
in the stressed state. After some of the unstressed soak periods, strength
properties could not be measured or were zero. Unless otherwise noted,
each value in the tables, except in Tables 4 and 7, is the average of five
specimens., Values in Tables 4 and 7 are from individual specimens unless
otherwise noted.

Figures 1 through 18 show the effects of soak periods at elevated tempera-
tures on the various properties. Data were plotted from the tables. Smooth
curves have been drawn to approximate the plotted points. The symbol < is
used in conjunction with the plotted points at zero strength. Data so indicated
are from specimens that had become so weakened that they fell apart during
handling at the indicated exposure period. Obviously, the strength or stiff-
ness was nil at some soak period less than that indicated but the exact time
of zero strength is unknown.

The relative amount of creep at various stress levels for thres temperatures
is shown in Figures 8 and 14, based on data in Tables 4 and 7. At each
stress level, a short horizontal line shows the creep that occurred from

the time of initial loading until the specimen failed or was removed from

the creep machine. The creep line at individual stress levels is shown
beginning at an '""average' stress-strain curve obtained from strength tests
loaded to failure in about 3 minutes, and ending when the specimen failed

or the test terminated at 1, 000 hours.

Figures 17 and 18 present curves that summarize the effect of temperature
on five mechanical properties after exposure for 0.5 and 100 .hours. All
strengths are shown as percentag=s of their respective room-temperature
values. The curves are based on values from other strength-time plots in
this report.

V. DISCUSSION OF RESULTS

Preliminary quality tests (Table 1) of this epoxy resin laminate reinforced
with 181-S-HTS glass fabric showed results that were generally in agree-
ment with MIL-R-9300A requirements. On the basis of this sampling, the
following comprehensive evaluation was made:
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Tension

Weight Loss

Deterioration due to continued exposure to elevated temperatures was
measured through the loss of weight by the flexure specimens during their
respective exposure periods (Table z). Weights retained are shown as per-
cent of initial weight in Figure 1 for various temperatures and periods of
exposure at these elevated temperatures, The data show that at 300° and
400°F. for exposures of from 0,17 hour to 1, 000 hours, the #pecimens

lost less than 2 percent of their weight., Increases in temperature above
400° F., which was the postcure temperature, reduced weight retention at
all periods of exposure; of course there was further reduction in weight
retention with increases in duration of exposure. Rapid weight losses were
experienced above 400° F, It appears rapid losses occurred at tempera-
ture and exposure conditions that cause losses greater than 10 percent.

Flexure

The results of flexure tests, as presented in Table 2 and Figures 2, 3, and
4, show the effect of time and temperature on the modulus of rupture and
the modulus of elasticity, and the effect of weight loss on strength at various
temperatures and periods of exposure. At constant temperatures of 300°
and 400° F., the strength-exposure curves (Fig. 2) show large strength
losses with the first application of heat (0. 17 hour duration), and then show
a slight increase in strength with increases in duration of exposure. After
1,000 hours the 300° F. curve reached 72 percent of room temperature
value, and the 400° F'. curve reached 42 percent. At constant temperature
of 500° F., the strength dropped rapidly in the first 0,17 hour, dropped
slowly for 24 hours, raised to a peak of 46 percent at 200 hours, and then
dropped to almost zero at 1,000 hours. At temperatures of 600° F, and
above, all strengths are less than 10 percent of room temperature value.
The flexural modulus of elasticity at various exposures (Fig. 3) has about
the same pattern as that for modulus of rupture.

Since weight loss determinations in this series of tests were made on flexure
specimens, the data could provide a direct comparison of flexural strength
with weight loss. Such a comparison was attempted in Figure 4. The
envelope of values, which usually converges to zero at some resin content,
is certainly not well defined because of the wide range in values.

The results of tension tests, presented in Tables 3, 4, and 5 and Figures 5
through 10, show the effects of exposure on several properties.
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The results of tension tests at 0° to warp (Tables 3 and 4 and Figs. 5, 6,

7, and 8) show the detrimental effects of time and temperature on strength
and elongation in a direction of loading where the glass fibers play a major
role. Figure 5 shows the relative strength values for temperatures through
1,000° F. The 300° F. strength-exposure curve is relatively constant at
about 85 percent of room temperature strength. The 400° F, strength-
exposure curve is constant at 85 percent for 6 hours, which was the postcure
time and temperature, and then decreases to about 40 percent for longer
exposures, Strength-exposure curves for temperatures of 400° F, and
above are long wavy lines.

The 500° F. curves were so unusual that exposure evaluations were repeated
to verify the weakness at 6, 48, and 196 hours. Strengths at these exposures
are only 23 to 35 percent of room temperature vaiues, There is a tendency
to form a plateau below 40 percent of rocm temperature value. The pattern
of these curves is entirely different than that for "E'" glass shown on

Figure 5 of RTD-TDR-63-4154, For "E'" glass, the stress-rupture curves
formed a plateau at a strength greater than 80 percent of room temperature
value. In general the "E'" glass laminate was stronger and displayed more
consistent decreases in strength with exposure,

Figure 6 shows irregular stiffness characteristics. The modulus of elas-
ticity curves have peaks at various exposure periods,

The results of tension tests at 45° to warp (Figs. 9 and 10) show the detri-
mental effects of time and temperature on strength in a direction of loading
where shear stresses between fibers in the resin provide resistance to the
tensile force. In this direction of loading, the detrimental effect of time
and temperature is greater than that at 0° tensile loading (Fig. 5), and
about equal to that in flexure (Fig. 2). It can be shown that the edgewise
shear strength is related to the tensile properties at 0° and 45° to the
warp (5). Hence the effects of exposure shown by the 0° and 45° data are
applicable to the effect of exposure on edgewise shear properties.

The results of tension tests at constant loads (Table 4, Figs. 7 and 8) show
the effect of stress, temperature, and time on strength and creep. The
effects of temperature and time previously discussed were obtained on
unstressed specimens that were loaded (o failure after exposure, but the
creep and stress-rupture tests provided data on specimens that were loaded
at a constant stress during exposure. Creep specimens tested at elevated
temperatures were heated at their resg=ctive temperatures for about 0.5 hour
or until a steady-state condition was attained before constant load was applied.




A comparison of the strength data obtained as a result of exposure in the
unstressed as well as in the stressed condition is shown for three temper-
atures in Figure 7. The stress-rupture data are represented by solid lines
and the data for unstressed material, i.e. stvength-exposure curves, by
broken lines--the latter being transferred from Figure 5,

The stress-rupture values at room temperature and at 300° F, are lower,
as expected, than their respective strength-exposure curves. However,

the stress-rupture values at 500° F, are greater than the strength-exposure
values between 1 hour and 1, 000 hours of exposure. This phenomenon was,
of course, questioned.

Additional specimens were tested between 10 and 150 hours' duration to
check this peculiar trend. These specimens were cut from the same
laminate as the strength-exposure specimens. After checking both strength-
exposure behavior and stress-rupture behavior, as well as ejuipment, it
was observed that the failed specimens had a different type of failure in the
two tests at the same temperature. The stress-rupture specimens delam-
inate with ragged tearing as the specimen failed. The strength-exposure
specimens failed cleanly or brashly, We might theorize that unstressed
exposure causes the resin to shrink and hence buckle or even break some
glass fibers, whereas the stressed-exposure keeps the fibers taut and the
resin shrinks tighter around the fibers. Whatever action was involved, it
resulted in the unstressed values being less than the stressed values,

Strain data were also observed during the stress-rupture tests. Strains
observed at full load were about the same as those observed at the same
stress when the material was loaded in the.short-time tension test after
0.5-hour exposure to temperature, To eliminate unmeasured strains
resulting from the heating and the original alinement of fixtures, only the
creep data are presented in Table 4 and in Figure 8. In Figure 8, these
creep values have been added to the average stress-strain curve for the
material, The length of the creep lines in Figure 8 shows that at room
temperature there is very little creep, but as the temperature increases to
500° F'., the amount of creep increases considerably, As a matter of fact,
the total strain at 500° F, al the various stress levels is greater than
0.020 inch per inch, and the total strain at 500° F, of unstressed exposure
(Table 3) is generally appreciably less than this value. This indicates an
increase in plasticity which undoubtedly affected the strength.



Compression

The results of the compression tests, which ware obtained by loading
parallel to the warp direction of the laminate, are presented in Tables 6

and 7 and Figures 1l to 14, These data show the effects of exposure on
specimens in both the stressed and unstressed condition. Figures 11 and 12
show the compressive strength and modulus of elasticity of specimens after
exposure to various temperatures for various soak periods in the unstressed
condition, Rapid heating and soaking for only the duration of the load causes
an initial drop in strength at all temperatures. After this initial soak
period of only 0,05 hour, the strength-exposure curve at 300° F, increases
with increases in time; all the other curves, except the 500° F. temperature,
remain essentially constant with time until permanent degradation occurs.
The 500° F. strength-exposure curve has that unusual rise, like the flexure
curve, after 24 hours.

Figure 13 shows the effect of exposure on compressive strength in the
stressed condition. The stress~-rupture data in this figure are shown as
solid lines and compared with the strength-exposure data, dashed lines,
from Figure !1, These stress-rupture curves are lower for each tempera-
ture than its respective strength-exposure curve, and not like the tensile
characteristics, The slope cf the room temperature and 500° F, stress-
rupture curves are about equal. At 300° F,, the strength-exposure curve
showed a strengthening with exposure, but at 300° F, the constant load
caused degradation so that the net result is a stress -rupture curve with
little slope. Also the unusual 500° F. strength characteristic of strength-
exposure curve is not reflected in the 500° F. stress-rupture curve.

Strain data were also observed during the stress-rupture tests, Strains
observed at full load were about the same as those observed at the same
stress when the material was loaded in the short-time compression test
after 0.5-hour soak, To eliminate unmeasured strains during heating and
alinement of fixtures, only the creep is presented in Table 7 and Figure 14,
These creep values have been added to the average stress-strain curve for
the material {(Fig. 14).

Interlaminar Shear

Interlaminar shear strength results (Table 8) show the effects of time and
temperature in a plane where the reinforcing fibers play a minor role. In
this test the resin strength predominates, Figure 15 shows a fairly uniform
drop in strength at 0.5-hour exposure with increasing temperature. Subse-
quent increase in soaking period at constant temperature causes little effect
at 300° and 400° F'. but at 500° to 700° F, strong peaks were measured.

8



Maximum Bearing Stress

The tests for maximum bearing stress that this material will sustain after
exposure show the effects on a mechanical property that is a combination

of tensile, compressive, and shear strengths. The results (Table 9),
however, do not indicate the effects to be cumulative. The magnitude and
pattern of the strength-exposure curves (Fig. 16) is similar to that exhibited
by the othe» mechanical tests.

VI, SUMMARY OF RESULTS

In general, the exposure of the glass-reinforced plastic laminates to
elevated temperatures less than 1,000° F. eventually reduces the strength
to zero. The data and curves indicate the strength available for use at
various temperatures and soak periods.

The amount of available strength varies with the property evaluated, period
of exposure, and temperature of exposure. Available strengths are sum-
marized for five mechanical tests after 0.5 and 100 hours of exposure in
Figures 17 and 18, The curves in Figure 17 show that tensile strength in
excess of 70 percent of room temperature value is available through 500° F,;
all other strengths are about 20 percent at 500° F., decreasing uniformly
from room temperature. Figure 18 shows the strengths retained after

100 hours. The pattern of tensile strength has changed considerably, but
others have not changed as much.

Because the laminates in this study were made with the same resin system
as the laminates in the study reported in RTD-TDR-63-4154, except that
S-HTS glass was used instead of '""E'" glass with A1100 finish, the effect of
temperature at 0,5 and 100 hours should be compared. At 0.5 hour the
strength curves of compression, flexure, shear, and tension at 45° are about
the same for both reinforcements (Fig. 16 of RTD-TDR-63-4154 and Fig. 17
of this report). However, at 0.5 hour the tension at 6° curves show ''S"
reinforcement as being weaker and irregular, After 100 hours of exposure
(Fig. 17 of RTD-TDR-63-4154 and Fig. 18 of this report) the two materials
have about the same strength, except for tensile characteristics, up to

400° F. At the 400° F, the ''S" glass laminates have a plateau whereas the
"E'" glass laminates did not. The tensile characteristics of the "'S" glass
laminates were weaker than those for "E'' glass,

The test data and curves presented in this report show that strength generally
drops with the first application of heat. The tensile strength was affected

in a2 most unusual way as shown on the curves. Above 400° F., the material
was unstable with increasing temperature and soak time until permanent
deterioraticn occurred.
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TABLE 2,--FLEXURAL PROPERTIES OF ERPOXY LAMINATES MADE OF ERSB-0111 PESIN AND 161-S-KTS

GLASS PABRIC

Te-pcrltureznurltlon of; Modulus of

: exposure : elasticity

g ; Value :Coeff{-:

Stress at 2

Modulus of rugture :Wetght

: proportional ;-ecemccccccccccccnnnncraas - : loss

limit :Strese:Coeff{-:Percentags of:
:cient= :room tempera-:

--------------
.

selent} :Value :Coeffi-:

iclent2 :

: ture stiress :

comcacerccsnl cccnccccssn ! ccncnrnl cacvcenn  caracancnannran ] cecane ! rervsas )l serrccccencenlvansna

WEWHFWWHWWWNEHNN

W WiWw i WwwWwWwwwww
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« o
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N O
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TABLE 2.--FLEXURAL PROPEKIIES OF EPOXY LAMINATES MADE OF ERSB-0111 RESIN AND 181-S-UTS

GLASS FABRIC~-~-continued

Temperature:Duration of: Modulus of
elasticity

! exposure

Stress at
: proportional
limit

Modnlug of rupture

:Stress:Coeffi-:Percentage of:

:Weight

loss

:cientl :room tempera-:

: ture stress

LT D L P L L L R L L I L T I RS E L R 2 L T B LY L ittt ittt Rkt

600

700

800

900

1,000

:Percent:

1,000 :Percent:

0.17
.5

AN -

16
24
48
96
192
384
576

.17
.5

F - - W

N -

.17
.s

N -

.17
]
1

.17
]

: p.s.i.:

: 1.08

.39

: 1.30
: 1.22
1 1.29
: 1.13
: 1.24
: 1,27

.
b}

1.54

.46
47
.81

: 1,37
. 1.41

: 1,18

. .
ssessenn
»

sesscecae

. .
sesesoeans
. .
csesse 00

. .
senvsvee

: 36.3 1.6
: 14,2 i.6
leeseseet 2.0

1 5.2

. .
R AN W

+ 20.8

8.9

4.1

. .
“Cessssescsst o

. .
LEREN RN N I NN B

3.8 :

11.8

+ 10.5

6.9

4.1

- 15.3
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. . t .
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&S unen
¢ o
E~ N . )
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[« B - - W W LR ]
SV W

9.5 : 12.6

.
®s0ssscssvese

7.5 : 10.4
5.8 : 19.4

5.1 : 11.2

. . .
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. [
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- . . .
“ 2 wWVUesNIsEsLGEISIOERICEESIOEOIAETNORNTEDS
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lNu-cricnl values of coefficient of variation are computed for exposures with 5 replications;
other exposures had only 2 replications,
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TABLE 3.--TENSILE PROPERTIES OF EPOXY LAMINATES MADE OF ERSB-0111 RESIN AND

131-8-HTS GLASS FABRIC,

TESTS MADE PARALLEL TN WARP DIRECTION

Temperature:Duration of: Modulus of : Stress at

Maximum stress :8train at

: exposure : elasticity : proportional :=-=re-ccvccccomccncrenacne : maximum
¢ leceemmrencenna= limit :Value :Coeffi-:Percentage : stress
: : Value :Coeffi-:-ccem-cucccaaa 3 : cient : of room
e : clent :Value :Coeffi-: :of var=-:temperature:
2 :0f var-: : clent : :{ation :  value
3 :{ation ; :of var-: B g
3 ' :iation :
°r. 3 Hours :Million:Percent:1,000 :Percent:1,000 :Percent: Percent : Inch per
¢ tpes.i. : tp.s.i.: p.s.i.: 3 :inch x 100

300
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ee 2a oo ca ee

s oe se se es e e

es s o

.05
.5
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5
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10 2,39 2.3
: 243 : 2.6 :..ec0ei

3.9

4.5
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: 2,88 : 1
: 2,97 : 3
: 4

: 47,9

2,91

1 42,4

o7 24,3 ¢
W2 1 24,5 :
.3 : 25.1:
srererals| 19I5 B
4 : 30.4 :

£ 2,97 teeene.: 13,0
: 2,38 : 4,0 : 13,9 :

: 2,67
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.
.

1 49.4
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.
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. o o
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. . .
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NN WUVW
)

9
5
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8

: 35,3

.
.

-
M

9.0
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. .
cesssev v
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1.98 @ 5.6 :iicseclensesast
. 4 9 .

0.3
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0 72.3
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: 25 Rl heele

. ] .
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. . . . .
B RN R PR RN R T IN N TN W
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: 1.98 : 5.6 : 22,2

.
.
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19.7
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® e ¢ o o o o
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- W N
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4.5 82.7 3 2.70

3.6 85.7 B 2,90
800000000 62,0 1.28

10.8 : 45.6 : 1.78
280600 008 43,7 : .1.38
vl W 38.4 1.60

81.8 : 3.10
3 70.0 : 2.72
3 22,9 .85
: 24,9 .86
28.4 .90
2%5.46 .84
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.6 1.04
.1
9

s se se ee
e o o

.
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&PUUUN@OO’
.

WO~ DONP =W OE

: 13, 2 75.2 3.15
: 6, 3 32,3 1.31
: 6. A .1 1.56
: 12, 26.8 .93
: 9, 21, : 1.46

: 16,1 42,6 : 1.71
; 11.8 62.1  tiiiecenee
; 10,0 45.5 1.69
1 12,2 ¢ 34,3 5 1.87

: 8.4 §0.9 sesesesee
: 13.4 ¢ 55.7 2,64
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* oo e
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TABLE 4.--STRESS-RUPTURE AND CREEP DATA FROM TENSION TESTS OF ERSB-0111 RESIN
AND 181-8-HTS GLASS FABRIC

Applied:Percentage : Rupture : Creep data at....
stress: of room timeo e L L L LLE L L LS L ST LR
: temperature: : 0.1 hour : 1 hour : 10 hours : 100 hours:1,000 hours: Rupture
stress g g R B g d

L L L T LT P T T HEL L L L T e L SR T P Y el accscecnesr ceecscerase jrencccean -

1,000 ; Percent : Yours : Inch per : Inch per : Inch per : Inch per : Inch per : Inch per
p.s.i.: : :inch x 100:inch x 100:4inch x 100:inch x 100:inch x 100 :inch x 100

ROOM TEMPERATURE

100 Lasescesssssasnescsaceacsiocsasansssiosnssnssralonacasvessiossoscccnsalioscccsssas

92,7 ] O NNEE®EI0 0 b 380005 5000083800008 H0000T0 000 SRTTo o To0 o G
87.2 s A2 : 0.070 2[oTeXsTalols/a /sl ofe' tlalols alo/e]s o SIS’ SXSTeTeTalole o o) otera o [s]e) sio)s ole|0/0)f 314
81.1 : 1.25 .026 : 0,067 8000000000 0808R00000008000000000000 .070
75.3 3 7.8 .054 3 .080 o000 a000800 0000000 08 o3RO0 00a0a0 .108
71.8 B 72 g B | : .060 3 0,096 .i.cercccclocccnscnncat .102
70.7 3 240,46 . WY 3 .034 g .051 : 0.082 fevtescsssecel .088
69.5 R 58.45 035 .054 2090 iirere arals srerarare/t oTets o /e ln s ajs /et .176
3 68.4 : 54,15 : .057 q .071 L) G N e e TeToke [eTote oIl eTol slsTore s .123
3 63.7 g 844,46 .026 040 029 060 teieeeaeeeest .123
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: .18 .228 150000Ga000R000000006000G00 0000000000000 00000 OlRr)
.022 JO4L8 | :leieia ctoralalsfalels ajuselolele aTale aXslo|s/oYe a¥elalelelela)s .054
.109 : STI e e oleielatalateisie nlale/oYoToTeTo olold .208
Sl torafelelefrelo ]S sTstelslsterersisielle[s)e s TololalsTolsl T Lok e o o e e ako) is = s oto s lss SToX .0647
: L0346 044 097 tiieciesenelacanescencst Jl14
143.6 017 .027 067 218 tiiieeeesenst o282
3 506.7 .026 .026 .051 505 ) SRR g S RERH .189
B 962.2 : .020 B .040 B 09 .185 Booqpaggoadof 420

OO~~~

28232833 a2

o o

o o s o
CWHFNYNNPOWVIEN

[X]

.

(RS R-RY-

o

=

@

1=

[FE RL XV EC Y] ~
3luhau13\a¢:8:28:°
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- IEERE J00P00HCHE00 0Ganh 506 0 8EREH00 o HBUMISH S800 0 8 o o 0 oUBNN0 0 .699

s P S T Y. S S S T

JI5 ¢ L1064 3056 0 0nON00A80 Bt 60 0 BH08 24000000 NR ot o0 o0 A g 134
5251 2 B25F i mAB2I | L s leieie sistele elelife s ele/s s e o a0 Sfafe slelelsleleis[s o1 | eO4H
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: T e T e T S ST I ITT
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308.7 : .072 156 .237 e652 liiiieceaeea: 1,56«
337.6 : .030 .087 : .165 433 teiiieeenens! .612

3 657.0 .060 3 .096 g .227 o392 ilacielanie siajenshelt .874
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lAll specimens 1 4inch wide by 30 inches long except as noted.
zSpeclmen 3/4 by 9-3/8 inches.
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TABLE 5,-~-TENSILE PROPERTIES OF EPOXY LAMINATES MADE OF ERSB-0111 RESIN AND 181-
S-HTS GLASS FABRIC. TESTS MADE AT 45° TO THE WARP DIRECTION

Temperature:Duration of: Modulus of : Stress at : Maximum stress
: exposure : elagticity : proportional ;-----eccccmmccccucmacunanan
lmmememcerac———- : limit :Value :Coeffi-:Percentage
: Value :Coeffi-:~----cvecccea- 8 : cient : of room
: cient :Value :Coeffi-: :of var-:temperature
:0f var-: : ?ie“t.: :iation : wvalue
. . .0 var-, s g
: ; e dacien? :
°F. Hour s :Million:Percent:1,000 :Percent:1,000 :Percent: Percent
:p.s.i. : tP.S.i.: ‘Pes.i.:
Room lecsssssssee: 2,05 : 5.5 : 3.6 : 14,0 : 26.7 : 11,2 : 100.2
300 3 0.5 : W74 4.7 2.8: 7.0 :15.9 : 6.1 59.7
R 6 : .90 : 7.4 : 3.2 : 9.1 :17.7: 7.2 : 66.2
] 96 :1.08 : 6.8 : 3.3 : 23,5 :17.8: 1.4 66.6
: 1,000 :1.23 :15.0 : 3.6 : 9.4 : 19.4 : 10.0 : 72.6
400 3 5 s W47 0 3.3 0 2.1 7.1 : 10.5 : 10.3 : 39.3
o 6 H .6‘.' Tecseccn 2-7 cecsvenes 12.2 tecseesae. AS.G
: 96 : .60 : 7.0 : 2.4 2,2 :10.6 : 11.0 : 39.7
: 1,000 : .90 : 9.1 2,6 20.8 9.6 : 11.6 : 36.0
500 J ) s 3L 5 7.2 1.7 : 7.8 5.9 6.8 22.1
] 6 : J24 : 10.9 .7 : 28.0 4,1 7.5 15.4
] 48 : .56 : 11.4 1.0 : 11.0 6.5 9.6 24,3
A 48 s G L R S o L 2L P eroro e LAY b2 Pevererelele 17.6
192 ¢ .93 : 30.3 1.6 : 15.2 6.3 : 26.8 23.6
192 L O 2B I R loRearetel - IR 21e 8 M1 5 exexerers A JCNONNSS oo p S 35.2
576 : 0 Ja0ootaoklac e coood (UL B oods 0
600 3 5 : W19 ¢ 12,4 1.1 7.0 3.7 11.8 13.8
3 6 : W17 ¢ 8.7 .6 7.1 1.6 : 7.9 6.0
48 : W74 1 25.6 1.0 16.6 : 5.4 : 26,1 20.2
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{PRESSIVE PROPERTIES OF EPOXY LAMINATES MADE OF ERSB-O111 RESIN

AND 181-S-HT8 GLASS FABRIC
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TABLE ..--STRESS-RUPTURE AND CREEP DATA FROM COMPRESSION TESTS OF EPOXY
ERSB-0111 RESIN AND 181-S-HTS GLASS FABRIC

LAMINATES MADE OF

Applied:Percentage :Rupture time: Creep data at....

stress : of room R Rt L e L R L L
:temperature: 0.1 hour 1 hour 10 hours : 100 hours:1,000 hours: Pupture
stress e :

1,000 Percent Hours : Inch per : Inch per : Inch per : Inch per : Inch per : Inch per
p.s.i.: :inch x 100:inch x 100:inch x 100:inch x 100:inch x 100 :inck x 100
AT ROOM TEMPERATURE
147.9 10OZ0! 3 SeTaloTs s s e e s el2fs (et ST5 oJelol:lele(e +[ole|s[sTelo)3 TeTs o olele o olo o] ol ole o e T5 o 2 e o aHorele SlelelL:le slaloralalolel
51.5 107.5 (0] L I SRS o 86 0itlo 0 8 000 06000 5000800080800 00000008 0000888600 .0 0,012
51.0 106.5 .13 2 0.023 Bo®00 00000800000 0Ba®b 800 8B0000008000Bo a0 cod w52
50.5 105.4 2,65 012 0K020 .7 erere axile sloxe sTaTa/atslo)5 o o0 Q00020 L0463
50.0 104.4 5.5 g 040 062 ... 0008000000000 0Ra0000Ca00008 .07
47.0 98.1 15.5 .033 .049 o4 185 600000000 85 GO000 000008 078
46.0 96.0 209.7 012 .048 .079 0.115 5000006000 Al 130
45.0 94.0 156.8 .033 .035 .058 .085 000000 dBogo L0BS
44.0 91.9 1.6 001 .004 5080000680590000630 3880000 20 .0le
44.0 91.9 161.6 .035 .060 .075 .101 8800 008SaG . 104
42.5 88,7 2083.2 012 .030 .030 .053 45500000 .065
37.0 77.2 :>1,000 .013 .030 .081 .103 0.164 0000080

AT 300° F.

lo=e

5 g 61.7 Hob 000000008 A0006 3 dddb. 300000000805 586 06 90,0 A0 ARA0000G6 060 36 000300006306 0608a 000

3 2 56.5 (103 0) BNEE S S RS R I8 © 5 5000000 500000 080000000806 3A000000000380000000 0.

5 52.3 ALLNE 300000 Roas ool oinos S 5EEONHO0 B 000000000 30000 0000860000000
48,2 S O0BEfoTereTors olal olol e[S RaTeTaRal aFe e oLoTs 2 o To oo o 80850000 G000 3.3080000000680600 S 00ta s

. . . « . .
R R N R AP I N I N Y X cetseevsses-seene e

29.5

27.0

25.0

23.0

22,0 g

21.0 44,0 OIS Boao®h db @6 0 Bh0a 00000008 aET006 60 A 300G00 060086 db dob A0 oG ,080
20.0 4l.9 s B oo 0aa0 0008000000 6 RO08 06 oaos 0000800000000008000006000008 .031
20.0 L1.9 285.0 007 .012 024 2033 o e le oo .053
19.5 40.8 5 0 Y . R S 000080000000 G008G00000000608 .080
19.3 40,4 124,0 .042 .067 : 097 8 X A A 3 CHaaE 134
15.1 40,0 3.60 037 . 068 :......... 080000a00000830 00 0 06 00Qa8 .07¢
19.0 39.8 .03 3600000068 000060080085000060 ro BB 00000000800000000000 8 024
19.0 39.8 114.0 043 .072 212 a0 Ga830000a30 8 .343
18.0 37.7 3 A BonocnonapoB8oocooooocoBooooos ngpd 3000000000086 50000000008 010
17.5 36.6 942.0 064 .090 110 14 £, a0 0 add 220
17.0 35.6 >1,000 .006 .(08 009 014 016 ieeeiiv..n
16.0 33.5 >1,000 .032 .046 .068 074 200)7 b S g 5

AT 500° F.

[
st

WWHRUARONOO DO =

Tecsevsvcseicssvnasensieses I R R R I T A ST

.170
.102

U e o0 B000 00000 COR00 000 Co06s Q080600000080 80000 800008000

.094
L0462

. . . . .
ceceevecsssacirees cueseevscsecoat o0t enn

. . . q . .
ceemsnesssncante L-evssessrras seessssee

; 16.6 .9 -012 2028 o it aaaneaat 2069
13.6 [ 016 2037 Kienmrenin i e raas 0T
13.0 .008 1029 it iaeuaaa 086

416
717
.336
.323
L3246
-883

.023
.038
.022
.016
.017
.012

.084
.089
.067
.028
.032
077 .

isiciesnsesicecsesasaces

312
. 180
.104
.525

cesessaccsse

.

QOO O=NWMWOOOQO

feescccncnne

}Awernge control strength at room temperature and at 300° F. and 500° 7 after 0.5 hour at

temperature.
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TABLE 8.--INTERLAMINAR SHEAR STRENGTH OF EPOXY
LAMINATES MADE OF ERSB-0111 RESIN
AND 181-S-HTS GLASS FABRIC

Temperature:Duration of: Maximum shear stress
: exposure HE e e L e e L L L L Y Torrrars
: Valu ref f1~:Percentage
- . clent : of room
: temperature

value
F. : Hours : P.s.i.:Percent: -Percent
Room 2 : 3,240 : 10.5 : 100.0
300 : 0.5 : 2,340 : 10.3 : 72,2
: 6 : 2,510 : 6.0 : 77.5
96 : 2,600 : 5.0 : 80.2
1,000 : 2,530 ¢ 11.5 : 78.1
400 : .5 : 1,490 : 7.4 : 46.0
s 6 : 1,590 : 16.4 : 49.1
g 96 : 1,500 : 2.3 : 46.3
1,000 : 1,390 : 9.4 : 42.9
500 . .5 670 : 6.4 : 20.7
: 6 440 G A 13.6
48 : 1,500 : 3.9 : 46.3
192 : 1,460 : 3.4 : 45.1
576 g (V8550005 0
600 : .5 :+ 500 : 1.1.2 : 15.4
: 6 + 250 : 12.0 : 7.7
: 48 : 220 : 20.4 : 6.8
96 : 50 : 38.0 : 1.5
700 g .5 : 180 : 10.0 : 5.6
: 2 : 220 : 11.4 6.8
6 + 660 : 16.7 : 20.4
16 g (%8 o CorRE 0
800 o 95 : 250 : 6.0 : 7.7
: 2 3 VM8 5600003 0
900 : .5 : 60 : 21.7 : 1.8
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TABLE 9.--MAXIMUM BEARING STRESS OF EPOXY LAMI-
NATES MADE OF ERSB-0111 RESIN AND
181~-S~-HTS GLASS FABRIC

Temperature:Duration of: Maximum bearing stress
! eXPOSUrEe :=e-ve-ecmemccccccccccmcans
:Value :Coeffi-:Percentage

: cient : of room
: temperature

value
°F. ; Hours :1,000 :Percent: Percent
- : tPeB.1.:

Room tvesssrssssst 58.4 ¢ 1.1 : 100.0
300 : 0.5 : 33.9: 6.3 58.0
G 6 : 41,1 2.2 70.4%4
96 : 41,3 : 9.2 70.7
1,000 : 46.1 7.8 78.9
400 A .5 : 24,8 : 17.3 : 42.5
: 6 : 30,0 : 5.4 51.4
96 : 26.2 : 10.9 44.9
1,000 29,0 : 11.8 49.6
500 : .5 12.7 ¢+ 9.4 21.7
: 6 : 12,1 : 13.3 20.7
48 :+ 20.5 : 6.2 35.1
192 : 27.8 : 3.3 47.6

576 : 0 Jooddape 0
600 g S5 : 9.8: 6.6 16.8
f 6 : 7.3 : 2.2 12.5
48 : 3.9 : 11.2 6.7
96 : 1.9: 8.3 3.2
700 : .5 5.1 : 8.4 8.7
: 2 6.3 : 12,7 10.8
6 15.3 : 7.4 26.2

16 o .l...‘l. 0
800 g .5 : 13.3 4.0 22.8
: 2 : 2.9 : 30.1 5.0
900 g 5 : 4,2 : 20.0 7.2
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LEGEND :
—h CREEP AT CONSTANT STRESS

.

ROOM
TEMPERA rm'tZ

-]

= .

TENSILE STRESS (1,000 PS.1,)
8

o Qolo Qo220 7 aorn Qoz20 o 0.010 Qo0 0030 Q040
STRAIN (INCH PER INCH)

Figure 8. --Relationship of Tensile Creep at Various Stress Levels to
Average Tensile Stress-Strain Curves for Epoxy Laminates Made of
l ERSB-0111 Resin and 181-S-HTS Glass Fabric.
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